INTRODUCTION {#s1}
============

Petersen et al. reported that, although subjects with mild cognitive impairment (MCI) have memory impairment beyond that expected for their age and education, these individuals are not demented[@r1]^)^. An international working group made the specific recommendations regarding the general MCI criteria[@r2]^)^. The term MCI is generally used to refer to a transitional zone between normal cognitive function and clinically probable Alzheimer's disease[@r2], [@r3]^)^. Therefore, subjects with MCI are at increased risk of progressing to Alzheimer's disease. Recent clinical and population-based studies suggest that the global prevalence of MCI is 10--29% among persons aged \>65 years; however, the lack of standardized diagnostic criteria and differences in sample characteristics across studies have led to significant uncertainty regarding these estimates[@r4],[@r5],[@r6]^)^. In 2012, the estimated prevalence of dementia and MCI were 15% and 13%, respectively, in Japan[@r7]^)^. However, Bruscoli et al. reported a 10.24% mean annual conversion rate of MCI to dementia[@r8]^)^. Therefore, there is an urgent need to find ways to suppress or delay the progression of dementia in subjects with MCI. Because activity of daily living (ADL) deteriorates with dementia progression, it is necessary to evaluate ADL in subjects with dementia. The Barthel Index (BI) and Functional Independence Measure (FIM) are generally used to evaluate ADL. The Tokyo Metropolitan Institute Gerontology Index of Competence (TMIG-IC), which is designed to measure three factors (instrumental self-maintenance, intellectual activity, and social roles) of higher-level competence, is also commonly used to evaluate ADL[@r9]^)^.

Psychotropic drugs, including anti-dementia drugs, are often prescribed to patients with cognitive impairment for treatment of both core symptoms as well as behavioral and psychological symptoms of dementia (BPSD). In combination with drug treatment, cognitive stimulation, training, and rehabilitation have also been used in dementia care[@r10], [@r11]^)^. To date, although these drugs can attenuate or interrupt the progression of symptoms, they typically only have limited and transient symptomatic effects. The health-related quality of life (HR-QOL) scale, together with evaluation of improvement in core symptoms and BPSD, has generally been used as one outcome index for evaluating the effects of interventions[@r12],[@r13],[@r14],[@r15]^)^.

Subjects with MCI have significantly higher Alzheimer Disease Related Quality of Life (ADRQL) scores compared to those of subjects with dementia[@r15]^)^. However, using the Thai version of the World Health Organization Quality of Life scale, Muangpaisan et al. reported that subjects with MCI had lower psychological QOL scores compared to those of normal subjects[@r16]^)^. Moreover, they reported observing significant correlations between the Thai version of the Geriatric Depression Scale (TGDS) and physical QOL, TGDS and psychological QOL, and TGDS and total QOL scores in individuals aged ≥50 years with or without MCI diagnosis[@r16]^)^. Similarly, Teng et al. reported that multiple linear regression analysis in the MCI group revealed that both subject and informant Quality of Life Alzheimer's Disease (QOL-AD) ratings correlated with depressive symptoms and that informant QOL-AD ratings correlated with a broader spectrum of behavioral symptoms and IADL performance[@r13]^)^. Although subjects with MCI often present with behavioral changes such as depression, dysphoria, apathy, irritability, and anxiety, they do not always present with BPSD[@r17],[@r18],[@r19]^)^. Among the four aspects of social activity (personal activities, socially-related activities, learning activities, and job activity), higher levels of engagement in the personal activities among elderly women aged 65--84 years living in urban areas were significantly related to life satisfaction[@r20]^)^. However, none of these aspects of social activity were significantly related to life satisfaction in elderly men[@r20]^)^. Thus, the differential effects of gender on QOL were confirmed. Moreover, parts of the Philadelphia Geriatric Center (PGC) Morale Scale that evaluate subjective well-being were significantly higher in men than in women, also suggesting the differential effects of gender on subjective well-being[@r21]^)^. Previous studies did not clarify whether HR-QOL and IADL of subjects with MCI were influenced by the presence of BPSD or gender difference[@r13],[@r14],[@r15],[@r16]^)^.

The purpose of this study was to clarify (1) whether scores of EuroQol (EQ-5D)[@r22]^)^, which can be used to represent HR-QOL, are maintained, (2) whether TMIG-IC scores used to measure higher-level competence reflect cognitive disorder earlier than BI and/or FIM, and (3) whether TMIG-IC scores reflect HR-QOL status in elderly female subjects with MCI and without BPSD.

SUBJECTS AND METHODS {#s2}
====================

The subjects included 25 women aged 65 years and over who were diagnosed with no obvious cognitive impairment or frail constitutions. All subjects were recruited from among community residents living in Okayama prefecture, who attended day-care facilities.

The subjects were first assessed using the Mini-Mental State Examination (MMSE) and Functional Assessment Staging Test (FAST). They were then assessed using the Neuropsychiatric Inventory (NPI) to confirm the complete absence of emotional changes such as BPSD. Subsequently, the Barthel Index (BI) and Functional Independence Measure (FIM) were used to evaluate ADL.

The TMIG-IC was used to evaluate higher-level functional capacity[@r9]^)^. The TMIG-IC is a multidimensional, 13-item scale that comprises three subscales: instrumental ADL (IADL; five items), intellectual activity (four items), and social role (four items)[@r23]^)^. The response to each item is either "yes" (able to perform, 1 point) or "no" (unable to perform, 0 points) for a maximum score of 13 points. The IADL subscale score ranges from 0 to 5 points, the intellectual activity subscale score ranges from 0 to 4 points, and the social role subscale score ranges from 0 to 4 points. Higher scores reflect higher levels of competence. A person is defined as having a disability for scores ≥1 below the respective full mark. A score of ≤4 out of 5 for ADL or a score of ≤3 out of 4 for intellectual activity or social role are considered to indicate disability within the respective subscales[@r23]^)^.

HR-QOL was assessed using the EQ-5D[@r22]^)^. The EQ-5D defines health status in terms of mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each of these five dimensions is further divided into three levels: no problem, moderate problems, and extreme problems. Each subject is scored, with points ranging from 1 for full health (no problems in any dimension) to −0.111 for severe problems based on conversion tables for all five dimensions.

In general, MMSE scores ≥27 points (out of 30) indicate normal cognition. Lower scores can indicate severe (≤9 points), moderate (10--18 points), or mild (19--24 points) cognitive impairment[@r24], [@r25]^)^. Therefore, the present study categorized the subjects into groups with no cognitive impairment (MMSE scores ≥27, FAST stage = 1) and with MCI (MMSE scores ≤ 26, FAST stage = 3).

Independent-sample Mann--Whitney U-tests were used to compare the mean MMSE, BI, EQ-5D, and TMIG-IC scores between the two groups. Fisher's exact probability tests were used to compare the percentage of cases between the MCI and NC groups in the three categories of each EQ-5D domain. Spearman's correlation coefficients were used to determine the concordance between EQ-5D and TMIG-IC. Differences were considered statistically significant when the p-value was \<0.05.

This study was approved by the ethics committee of Kobe University Graduate School of Health Sciences (No. 136-1), and all subjects provided informed consent.

RESULTS {#s3}
=======

The subject characteristics are presented in [Table 1](#tbl_001){ref-type="table"}Table 1.Demographics of normal cognitive and mild cognitive impairment subjectsNC (n = 11)MCI (n = 14)Age (years)82.1 ± 5.385.2 ± 4.3MMSE \*\*28.8 ± 1.123.9 ± 2.1BI96.4 ± 3.894.6 ± 5.4FIM123.5 ± 2.5119.3 ± 7.0Values are means ± SD. \*\*p \< 0.01MMSE: Mini Mental State Examination, BI: Barthel index, FIM: Functional Independence Measure. In total, 25 subjects who met the study conditions were enrolled. Among these, 11 were without cognitive impairment (normal cognitive group, NC group), whereas 14 had MCI (MCI group). Apart from a lower MMSE scores in the MCI group compared with those of the NC group, there were no significant differences in the background variables of both groups.

In addition to the total EQ-5D scores, [Table 2](#tbl_002){ref-type="table"}Table 2.Comparison of EQ-5D domains scores of normal cognitive and mild cognitive impairment subjectsNC (n = 11)MCI (n = 14)EQ-5D \*0.804 (0.10)0.709 (0.11)MobilityNo problems (% of cases)9 (81.8%)10 (71.4%)Moderate problems (% of cases)2 (18.2%)4 (28.6%)Extreme problems (% of cases)0 (0%)0 (0%)Self-care \*No problems (% of cases)11 (100%)9 (64.2%)Moderate problems (% of cases)0 (0%)5 (35.8%)Extreme problems (% of cases)0 (0%)0 (0%)Usual activity \*No problems (% of cases)9 (81.8%)4 (28.6%)Moderate problems (% of cases)2 (18.2%)8 (57.1%)Extreme problems (% of cases)0 (0%)2 (14.3%)Pain/discomfortNo problems (% of cases)6 (54.5%)4 (28.6%)Moderate problems (% of cases)5 (45.5%)10 (71.4%)Extreme problems (% of cases)0 (0%)0 (0%)Anxiety/depressionNo problems (% of cases)9 (81.8%)13 (92.3%)Moderate problems (% of cases)2 (18.2%)1 (0.7%)Extreme problems (% of cases)0 (0%)0 (0%)EQ-5D: EuroQOL. \*p \< 0.05 compares the EQ-5D domain scores between the NC and MCI groups. The mean EQ-5D score in the MCI group was significantly lower than that of the NC group (0.709 ± 0.11 vs. 0.804 ± 0.10). No significant differences were observed between the two groups regarding mobility, pain/discomfort, and anxiety/depression scores. However, self-care and usual activity scores were significantly lower in the MCI group compared with those of the NC group; i.e., more subjects with MCI had problems related to self-care and usual activity.

The comparison of the TMIG-IC domain scores in both groups is shown in [Table 3](#tbl_003){ref-type="table"}Table 3.Comparison of TMIG-IC domains scores of normal cognitive and mild cognitive impairment subjectsNC (n = 11)MCI (n = 14)TMIG-IC score \*9.1 ± 3.85.9 ± 2.5IADL \*3.0 ± 1.91.4 ± 1.3Intellectual activity3.4 ± 1.02.8 ± 1.0Social role2.7 ± 1.31.8 ± 1.0IADL: Instrumental Activities of Daily LivingValues are means ± SD. \*p \< 0.05. The TMIG-IC score in the MCI group was lower than that of the NC group (5.9 ± 2.5 vs. 9.1 ± 3.8). The IADL score was significantly lower in the MCI group than that of the NC group. However, there were no significant differences in scores related to intellectual activity and social roles.

The correlation coefficients between the EQ-5D score and each score of the other measures are shown in [Table 4](#tbl_004){ref-type="table"}Table 4.Correlation between EQ-5D scores and other measuresNC (n = 11)MCI (n = 14)MMSE0.502−0.367BI0.272−0.001FIM0.239−0.39TMIG-IC0.3910.745 \*\*\*\*p \< 0.01. MMSE: Mini Mental State Examination, BI: Barthel index, FIM: Functional Independence Measure, TMIG-IC: Tokyo Metropolitan Institute of Gerontology Index Competence. A positive correlation between the TMIG-IC and EQ-5D scores (r = 0.745) was found in the MCI group.

As shown in [Table 5](#tbl_005){ref-type="table"}Table 5.Correlation between EQ-5D scores and TMIG-IC domainsTMIG-ICInstrumental ADLIntellectual activitySocial roleNC0.370.40.14MCI0.59 \*0.460.75 \*\*IADL: Instrumental Activities of Daily Living. Values are means ± SD. \*\*p \< 0.01, \*p \< 0.05, there was a positive correlation in the MCI group between IADL (r = 0.59) and social role (r = 0.75) scores in the analysis using TMIG-IC and EQ-5D, respectively.

DISCUSSION {#s4}
==========

Subjects with MCI are nearly independent in daily life, and although there is a slight decline in their cognitive function, they are not demented. For MCI, the agreement between patient- and informant-rated QOL was not statistically significant[@r26]^)^. Therefore, this study only assessed self-reported EQ-5D.

Previous studies have suggested that BPSD influences HR-QOL[@r13], [@r16]^)^. However, our study subjects were elderly women without BPSD. The MCI group had lower EQ-5D scores compared to those of the NC group. This finding suggests that subjects with MCI without BPSD had lower HR-QOL compared with normal elderly people and that a factor other than BPSD was likely related to the low HR-QOL.

Comparison of EQ-5D domains revealed that scores pertaining to self-care and usual activity were lower in the MCI group compared with those of the NC group. In addition, there were no significant differences in BI and FIM, and the basic ADL of all subjects were normal. Therefore, our results suggest a correlation between HR-QOL and higher-level functional capacity.

Regarding IADL, Lawton and Brody proposed a model of competence for human behaviors[@r27]^)^. They described the following hierarchy: life maintenance as the lowest level, followed by successively more complex levels of functional health, perception cognition, physical self-maintenance, instrumental self-maintenance, effectance (activity emanating from the motivation to explore), and social behavior. TMIG-IC is designed to cover the last three subscales of Lawton's model[@r9]^)^. A previous study reported that TMIG-IC scores decrease with age, reporting that the total mean value for women aged 80--84 years is 8.1 ± 4.4 points[@r9]^)^. In this study, the TMIG-IC scores were lower in the MCI group than those of the NC group; the scores were lower than the aforementioned mean value. In addition, there was a correlation between EQ-5D and TMIG-IC (total score, IADL, and social role) in the MCI group.

Our data showed that the IADL and social role subscales of the TMIG-IC were associated with EQ-5D in the MCI group. We conclude that in people with MCI without BPSD, IADL and social role affect HR-QOL.

This study had several limitations. First, the sample size was small (n = 25). Second, our study subjects included only elderly women. Future studies are necessary to address these limitations.

In conclusion, the findings of the current study suggest the following: (1) TMIG-IC is superior to BI and FIM for estimating QOL in subjects with MCI without BPSD, and (2) IADL and social roles deteriorate in the early phases of cognitive impairment. Previous studies have reported that cognitive rehabilitation is an effective intervention to improve the QOL in elderly people with early dementia[@r28], [@r29]^)^. We suggest that consideration of these points may be useful for designing rehabilitation programs for subjects with MCI without BPSD.
